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A process lor ua ii sf omwng ceH»» 

This M relates to a process for transforming certs and is m fhe field of recombinant ONA 

by integrating foreign ONA into the ONA of this cell. This ONA may oogmate from other ceil, wmcn new 

< not nave a connection with the organism to be transformed. 

The obiect of this genetic manipulation .s often to transom genetic propert.es from celts havrng a 
sJZ <£ L JrtZZo*** to cells not having mis property. For instance, there .s the transm,«.on 
TZl^st a specS toxic product e.g.. a herfcode. from a ^-*~«<° 
vanant of the same species or to a nonresistant other spec** wrm.n the same « ^ » • 
,o no^stan, soecies of another, more or less relate family. There is aiso the trajrus** J£*J«£ 
produang a substance useful for medicaments or other purposes, eg.. *°rnp.ants 
SttLx. to plants growing in other climates and lacing me abil.ty of produang the J*"™; 
SLmore. there ,s me transformation of anim* and "enhance., lines so ,m tous. them toMhe 
oroduction of a dewed substance. Genetic manipulation is often connected with great P^ 8 " 19 ^-^ 
nHss-miU of me structure and organization of the donor and receptor ceil, and m particular me 

'Tmetetd, nrtherto described for transforming ceHs by ^jl^^^T^Z 
foitowmg procedure .s generally adopted. A gene (or group ol genes) cod,ng fora speofic c^red property 
orVswafic product « -dentified and isolated from a suitable donor cell. Th,, gene .s often obtamed 
mrc^Toi SSTcONA, o. the messenger RNA transenbed therefrom <m«NA> TW. DW ur men cfoned 
^Tvector *h.ch may be multiplied in a suitable microorganism. A great problem .s onenhow to ohtama 
c^on^nTng a cor^ptete copy of the deared gene. If th,s has prov<* to be a success, the gene .s often 
^ti^ su-table regutatory .foment, for use in the receptor cel. wh*h may s^tmesbe 
Sn^iy^meren, from the rogatory elements of the donor cefl. Finally, the gene ^^J^TZ 
eZents « transm.tted to me receptor cell by mean, of so-caned shuttle vectors or by means of d,rect 

^et^Xsse, for transforming cel., have a number C drawback,. -<^* £ 
.soiation and characterization of the gene to be transmitted require a good dea^ of expe^esea.'Ch m« 
has to oa financed before one has a single transtormant in hands. The nature* the research further 
troves mat highly specialized laboratory facilities and highly qualified staff members are required such as 

^^TX^^Sl^m rectory efcments and 

„ ^SS Third^it is necessary to construct vector, and shuttle vectors adapted » donor and receptor. 
For many receptor organism, suitable shuttle vectors have not yet been found or ^*»°- 

Consequently, mere >s a need for a. process for transforming cells wh*h does not show the above 

''"SS'Sfrc, of mi, invention is therefore to provide a simple, general. '™pen*ve and yet ^tive 
process for tiansforming cells. Ceite are here to be taken to mean any tandof cell,. ■f'-e** 
viable or animal (including human) origin, but also microorganisms, bom prokaryotic microorganism,, 
such as bacteria, and eukaryottc microorganisms, such as fungi, yeasts, algae, etc. 

This obiect can be achieved by means of the process according to this .nvenwn. wh.ch will be 
eiucJaid in^e following paragraph,. This process comprise me use of a ONA a 
number of special elements, the sc-called multifunctional linker. wh*h l.kew«e forms P^ ^^'° n 

This invention further comprises a process for the preparation of the multifunctional l-nker and the parts \ 
thereof which can be constructed beforehand in different combinations. 

^e proves, according to mis invention comprise, coupling of fragment* of^do^gen^ma 
™mfunrtonal tinker according to the invention and direct transformation to the receptor. J* 
Sur, through recombination wrth a ONA sequence from the receptor, said ~o*encebe«g <^<>ted 
^me mJtifunction- Knker tor this purpose. Accordingly, after th* step W^TL. or <Ces 
, available from which advantageous variants can be isolated, in P^^»°'!^ 

ratted, ft is partial W that these vanants can "o-ja^*^ ^«Jed 
knowledge of the ONA sequences transmitted being required, or without having to isolate mem. The 
mmlortation of these transtormant, may yield the finances for further research. 

t^pC^mpnse, rotating the ONA of high motocutar weigh, from the transf^receptor ceHs. 
fragmenting same and isolating the fragments containing the multifunctional tinker and the donor DNA . 
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These tragmem, are ctoned ■« a rniacorg»n.srn » obtan a hhuW gen^k. Wim me» recep«« 
JeTan^med so as to be atote to chelate the ONA seoueoces with trie phenotypc expressxxv 

T^e^etslccorrtng to th.s .nventwn and me muttifunctiona. (inker as we« a, *s preparaton .... be 
discussed in more detail in the following paragraphs. mniocular 
ThTfirst step of the process according to the inverrbon composes rsolatng the ONA of hK,h moieortar 
-JT frS STdonor ceTthis ■» then fragmented by means of an endonuchuse (e g.. aj^tnct-on 
eSeTTsS a^anner as to obtain ^ ^.ly »V> » e n e c<*» 0 »* 9*™";*™ 

^,Tt^v events The resorting fragments are now pned to the multifunctional linker according to me 
ZTXtSs' oil .ig!se The muttrfunctiona. Hnker ,s a linear ONA module which can have two 
■ S^forms a mulnctLa. linker capable of arcularizmg me donor DNA fragments or a ™«on« 
' of proving mese fragments a, bom ends a hairpin structure. Cons^y^aanon 

esuUs-^aONA moieculecontaniog me donor ONA and the muftifunctiona. hnker. «ft« -m ,** form ofa 
structure, in me form of a circular structure or ,n the form of a -near structure w,th hatrp.n ends. The 

structures are shown in figs. 1C. tD and IE- 

5 The mult.funct.onal linker comprises at least one of the Wtowmg «* n ™» r- 
|A , A DNA sequence homologous to a part of the receptor genome so as to enable <°Y cross-ng 
over, tcotb.oat.on between theTeptor genome and the ^ ™ « * 0 ° 2 

mumfunctiona. linker and donor ONA. As w... be described °' Z 

multifunctional tinker. Ms homologous part will usually be composed of at least 1 00 base pa.rs ana 

o originate from the receptor genome. ... h_ .-mamzed and 

<Bi An ooerator sequence enabling ONA containing me operator seouence to be recognizee ana 
iTeTnToT^Hon Wiethe correspond^ repressor protein .n pnnciPte. any operator 
Zu^' T^L l^ me repressor prote.n ,s sufficient manageabje. Su-tab* operator 
Suentes are. e.g.. me lac operator (lactose), the gal operator (galactose) and the trp operator 

" ""TE^tSblnQ replication in a microorganrsm. pre«erab. y through l*^.*""^ 
, a JSt muldfu^ctiona, linker w,th me ONA coupfcd thereto^ be 

a sequence is. e.g.. me attB sequence enabling integration of the bacteriophage x .n E. col.. The sequence 

, — '%TA T s^e C Itotnng expresston of a gene in , m«roorganism to enab* .dentin o« 
.ansfoSants^Sng me mur^func^ona. Hnker. This can be realized^ « 
complete gene w„h an optiona.hr control** promoter. Express** can alsobe rcahzed ® * T^iffl 
«,Jr a t.v» racOTbination Thus an optionally controllable promoter .3 cloned to me nght of the attB 
£££ exposes a'gene located to me « of the attP sequence on me xvector 

3S ir^S* d*ar that meZnents (B>. (C) and (0, in «he.r simplest form may be restneted to .he structure 

^ SSE iMd ailows me donor ONA transmrtted to the receptor to be setected and multiplied 
n a m^qa^sm^chhas no recombination functions, e.g.. E. cojl recA to avoid mat rearrange mentsor 
l^STTi- donor ONA owing to these recombina^on ^^J^T^S^' 
m of Radius outjda. which - under control of me lac operator promoter dunng growth .n the presence oi 

* l^j£fL» «™> and catechol gives rise to the formation o. yejow cok™». Omer 

s"t*T genes are. e.g.. the Wa gen. (^-lactamase) causing resistance to pomcrtkn. me aphH gene 

(kanamvein resistance! or the lacZ gene W-galactosidase). _ m . 

.kanam^n re^arK: „ ^ ^ a restriction sequence for lO-n ng to the 

„ mu. b fun«io^ker ******* end a hairpin structure hiding a sequence wh-ch - on.y mrough 
^SSSTStm unfolded ha,rpin structure - forms a substrate for a special resmchon enzyme or 

ThTr^sfot attaching hairpin structures to the ends of the donor ONA is (1) to retain a linear structure 
ZZ^ uS^S ^S^ of me membrane of the nucleus. ,2) to P«~ » "» from 

* e^k7ases in me cell, and (3) to enable the recombination enzymes in the nucleus to convert the ..near 
ONTnfo«?NA. ttisckl.mattomiserrfmeKn^don^r^carn^the mu^ncti^l.nker^ a 
M^Zn at the ends, as shown hi fig. ID. Donor DNA^ent, ^^^^^^ 
suitabk/for plication in the receptor (fig. IE), may be ^rrnrnzed the ^^ m l^^^^ US ' 

r^trinmn sitM hidden in the top of the hairpin structure are released and can be recognized as sucn. 
55 ^ SSZX mS^tker add^r, composes a sequence «™»^^^l™ ]2 > 
vxJL -crossinfl^r hot-spot instigator" or "chi" sequence, such as the ch. sequence of E. coj. K12. 
ftrTfinTQQ (See Smith Q.R. et al.. Ceil 24, 429-436 (1981))- 

V^Ll of^ sZences ar also useful. aHhough they sometimes have a tower ac(iv.ty (Cheng and 
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• ^ , am 180 371-377 (1984)) tt * also possible her* to usa gj sequences of another ongm. 

sequence «n.ch can occur .n the torm of Z ONA to prrxrww mtegrawxv |inker 

^TTrurme, advantageous ,n me process according to the -nverrtonrf Z^^^Z^ 
composes a gene -nose expression can be demonstrated in the receptor «W J^^^L? M 

mtcromiection. etectroporesis or natural uptake. c»h< havina taken up donor DNA 

Subseauentty. the receptor cells are screened. .1 ^''^J^/V^L S^^ohtT.solated 

obtamed suffic.ently large to comprise one complete gene wrth tf ^^'^^jT^ ™, , ^ 

endonuciease *h,ch *as used tor fragmenting the donor ON* ot 

M« theses transmit!* to me receptor have been obtamed and charatiferoad. » £ 
2^?^^ STl^S to mi. *st case a short version of me mutofunctiona. ..nker ,s used. 
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means ol recombination. . imoSeation Practice will teach where the 

The process according to the ..wenton ^a-** ^J'^^^L The transm.ss.on of 
Hmits of connects are within which the process ^ «n be app«-d «wMr ^ 

^rriUar ^ the e*perimenta. part, the process h« already proved to be success*. * the 
transformation ol monocotytedonous plants wrtt DNA from otr>er mo^^us^ants 



25 Example I 



preparation of a multifunctional linker 



A. according to fig. 1A. 
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A multifunctional linker according to the invention is prepared harnng the structure shown in Hg V A_ By 
«ay of example it is assumed mat the linker win be used to transform DNA of a barley vanety wrth the ONA 

of a wheat variety. _ 

The linker has a length of about 3600 base pairs an d corttam s ttw lollo»>mg elements. 
1. The sequence attB of Escherichia coH K12: GCTTTTTTATACTAA 
This sequence is suffio^Tfor the integration of bacteriophage lambda (H A. Nash. Ann.Rev.Geflet.cs 15. 

^'^ftf attain me mumfunctJona. linker is the integration of me linker, togemer with the genetic 
«^Tcov.& bound thereto, in bacteriophage lambda. The compete sequence « 
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p 9t I Bqll l EcoRI 

This sequehce is chemicjj, ^^^^ " 
Z^T« Hi HT 101 ir^ df^ ^n^ag. tombd. <RW. Davis 

rS^SlSsfn JMol Biol 56 403-423) is confirmed by me transfer of the tetracycline resistance m 
tUSlZ i PB«^ <a«B> is ft. source of me a«B sequence 

HI ^!^!^Malll is cloned in the pUC8 ptasmid cut with BamHI and ML The structure of me 
^^SSsiK. c^rmtd by^gr^m. ampid.«n-rSs«nce marker of pUCB in phage 
S^whS fmen cap*,* of making E cos JM109 lysogenic and ampiciUin res-stan, at 30 C. Piasm.d 
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puca tatte» ts 



the source of the fiB B ?£ tac seouence with Haejl ^E2!*<* 



caned upon, the «£F ?ene of which is replaced by the am£ 



2 For further cloning piasmid Pi AN7 is w—w« «*~«. — »~ " ~ _ _ _ A . ^ ua*i\~ttm 
t Inriotfl ^hi#ve this Pi AN7 is cut wrth Xmnt and Haeil and pUCi9 with AatU and Haeu. the 

^rTpSSFS StKi^ »4»55 K-s M <ew<»: OCTOGTGG * cmo» »"«" / 

s.te a"ft7r cutt-ng with BgJII and religating * reta-ned. The resu*ng plasm* * further called p. *mp 

!!£ c 7Lo«S^ _ p. _ Hael| ^ a 

-,asm,d Pi Arnp7l *ALC isobtaTned having the Mowing structure: (amp) EcoRI-Xfnal-Bam^AccI PstHatW 

^t^T 2 ltrf, ht S ( S usetu. for incorporate genes capa«e o, being sefccted in the 
-eceotor and of a sequence derived from the receptor. 

— Pw£r TSn^ulfofp^ *#• bar^^tor ONA i, a stalled repeat 
o ■ ^ZTnuA i< irao.-nented bv means of ultrasone (sonication) into pwces having a length 
sequence. 8* ey germ ^^^T^tion me fragments having a Cot , 2 value of 10E2 

i"SSS£ ZZZl on hydros as double ^^^^ 

seouences which are expressed, and this after treatment with ONAase. 

" ^sSrSrss sssssrisrsr- — — — « 

the ends has the following sequence: 



so 
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Ncol Avrll 



Ncol 



GATC^CC^TpfccTACK^G^CjrVTGdpGATC 
BcTl HP Bell 



Thi. faience is chemically synthesized in a ONA synthesizer model Applied Btosystems 380A and cloned 
He^rjte oTp^^TTls obtaned pUC 19H i, me source o« the hairpin sequence by cuttng 

^^jT^Zt^^*™ and rapid renatu«*on oT the fros 

and ^ bt^teTSi wrth the BamHI and me Boll, ends of the mumfunct*oal HnKer and wth the GATC 
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ends of the donor DNA. Two hairpin structures aw formed which only differ in the bases si the top: AGG or 

with harpm ends takes place as foHows: wth ^ 

1 1 to the nrjht O f the mu l tifunc tio na l t wtor. Pi A mp7t CATHAI t. i s cm wnn g a, « y» 

«* B^H. endS^ muNjfunctjonal linker . By ^ Pi AmpZt CATRALC jwith «HI 

wrth the ha,r£ teouences and by cutting the dimer obtaned in HB,01 w,th Bo." me h».rp,n structure to 

ONA^rTihav^ GATC end,, tt is dear that one soec,«c fragment may occur m .our afferent form,. 
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L ~~ L | inverse repeat 

„ . R Rj 

L R j direct repeat 

R ij 

^ About 50-. of the modules obtained w,H bear the multifunctrcna. .inner as a direct repeat at the ends. 

mum^ra. Hn^. The .aJlan only form drcu* mo*cu.e, if they contain the nece,sary eiements 
30 enabling replication m the receptor 
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B. According to fig. IB. 

The vector for the construction of the multifunctional linker suitable for mu.tip«catK>n and selection in a 
m ,c,oorg^ Aatl. and bK**-ended with mung bean nuclease. Then it * cut 

^ M ? % S-SSHae.^ sequence is cut with Xbal from Pi AmpTIC and Coned ,n P UCi9t . 
M des^atad fJP^<££ ch(orarnphenico( ^ ^^ase gene with the regu.atory events 
o, me n^inTsyS gene of Aorobacterium tumefaciens strain CS8 is cloned at me Ace. ,«e of 

^ W ^^S^^^^^^ Pstt and cloned at me Pstl s«e of 
^SSSS%XSSl rurther orated as pUC19lCOOLCATR and ,s in fact a crcu.ar 

form of the multifunctional linker according to fig. IB. , . . Di ... rAT o AL c 

5. The hairpin structures are attached in the same way as described for P. Amp7i CATRALC. 
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Transfer o* "treat oenes to barjeg 

^ 4 ^ „ vaJue (Triticum aestivum cutttvar Hektor) is used as a (tow. 

Bor e -ate. Parts o. M ONU. «* "J ^ H ^^ fg^J,^ „ .emy.at.on o. the 

'-.men* aredepnvedo.meend phosphate group, 

phosphatase) and ligated wrth the multifunction*, linker in such a manner that the donor DNA-l.nker jo.nl 

contains at least no BamHI. Ball) or Bell site (see table i ). • 

Sar ^LuS^A *™ DNA and multifunction*, .inker are thus forme* 
P^nreo^on ot iinear mokKu.es w.th multifunctional "inker and hairpin structures the donor DNA 

foaZTJ^SZ . «S —re of -ett-hand and right-hand mu*func,.ona. -inker molecules w,th *a,rp,n 

'""The resuttmg donor ONA fragments coupled to multifunctional ..nker are «^J™**?Tai£ 
' ' mntaruiar weraht (2 Mdal against 8 to 10 Mdal). In accordance with the amount of UNA 

Z rTa'y ^TJTC^ t 5 e^S^e*, by agarose screen chromatography or by g,ao.ent 
"reused ionor ONA and the Hnear donor ONA with hairpin ends can be punfied by 

"^^ZS!^ are grown ,n pots in the greenhouse. About the moment when taUiatK* 
.^actme ZIZ CSd J with the aid of an Eppendorf m*«Hn,ector about ,0 pL punf.ed donor 
Z 'S2£ to mu«ifunSon- -inker, circular or Nnear. is ejected -to me embryoj ~ £ 

^Z!ZSSZ* £» SUSi .eaves of me res.stan, plants by us.ng the functions 

mu^atTnker. on me one handed by ^^^TSSTS 

'.T 1 * TAtoi nwA is extracted according to the method of lemmers et a). (1980) J. MoT Btoi. if*. 

invention. / 
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This example 
selected Hi (He 
following steps: 



wi rh*hodtoreco^ 
on the bests thereof, by using the mumtuncttanai linker. The method composes the 
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1 isolating DMA from me chromatin of the selected receptor. 
2Cutt^tlwDrMwrmare*rictw 

3. Circularizing the thus obtained ONA fragments. hmdina 

4 Separabng ONA containing me multifunctional linker by u*ng the lac operator repressor landing. 

5 T^wmmg rn.croorgan.sms with the orcular --th (ir tN. use of a vector 

6 Z^ZJl ^ZT™oo,^s on the t»s,s of .Kpresston of the gene located on me 

^""y^'th. merely ob*ned Hm„ed gene*.* of donor DMA fragments transmitted » tW" 

Re.nsert.ng ,ndh,dua. donor ONA fragment, .nto a receptor so as to cordate the fragments with 

- C^e^n^^ t>e app«ed m any generation * selectod receptorv « , cjear. 
hrJve^ ^ .n mTcaSof sexual reproduction, the more genera*** distant from the treated generate. 
ZZZ d^or g^ found back m a speofc individual. By se^ng ^T^T^s 
«drJ«ua.s can finally be obtained wh,ch have retained only mose genes of me donor for whK* there 

^"appl.catoon of the method to the T2 generation of barley plants from exampte .1 w,,l be described 
tiereinbelow- 



30 



Step i 

The seeds of the barley plants obtained on the T1 generate are tested for resistance to chtoram- 
oJS, ^om> e^coL byme plant-adapted cat gene m the multifunctional .inker. Young leaves of the 
£S Plants Z* re^lTy harvested and stored^*** nitrogen. The leaves of each plant are ground in 
1 ^L^orT^Tthe aid of sand and a pestle- cooled with ..quid nitrogen. Chromatin ,s isolated with 
me^e1bachTJto^.ch 50% g.ycero. f« been added a* * coofcd to -20 C. The su^ns.on .s 
irihaMam mesh, ny ton cloth. The chromatin i, seonnented at 4000 g for 30 m.nutes. and the 
sSmenTr^m into suspend in Gnesbach buffer. Cell f I 
centnfuaation at 100 g for 15 minutes. The supernatant is centnfuged over a pad of 2.3M saccharose in 
SSbufft a.70000 g for 2 hours. The sediment containing chromatin and starch grains ,s brought 
into suspension m 2M NaCI. pH 8. with the ONA being released. oH 8 

TheCNA station is agitated with a mature of phenoKhtoroform-,soamyl alcohol «S0'482> at pH 8 
After separa^ o?ml pnaTes the ONA is preciprtated wrth cold (-20' C) ethanoi. dned with 96% ethanoi 
^Tm^m^ Lr^ream The ONA is dissolved in Tns 0 01M. EDTA 0.001M. pH B. and reprec.prtated 
Z ^oplTin mt p'sJS of 0.3 M Na acetate. After drying again, me ONA ., M, dissolved ,n 
pure water. 



so Step 2 



Receptor ONA of pfcnts transformed by BamH. cut s 
thr, step under condition, indicated by the supplier wrth the «^^^.^ H ' , S^Tml rl 
reducedto a mmimum. The ONA cut is phenolized again, preaprtated with ethanoi and dissolved m pure 

water. 



50 



Step 3 

A part of the ONA obtained is diluted to a cwamtratk* of 30 ugyml ^ J** 1 *^* 
ONA Hgase under the conditions indicated by the supplier. The percentage of circular ONA .s determined 
by electron microscopy. 



55 Step 4 

The ONA obtained in step 3 is isolated m the presence of lac repressor protein on a filter as described 
by Biggs et a), in J. Mo I. BkX. 53:401 (1970). 
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Step S 

Munay J M el Bi ol. 9 8: 551 M97S , and see further))- _ 

Pnage iamooa NM540 A i, pjep»edas fo.tows: ^ and 

T^!^.7nol9397 be of phage lanSSa are ligated together therew-th. and me phage .s 
StfTnerSec on "^ImM. >ambda NM540 A has all the functus required or 
isolated arter aan^uu _ AniJAnca ^ can account for its multiplication and mfectivity m a 

tJTSbSI SXffiSS; * (from Aval to Sail, 2300 bp .jm^ 

Sa» gig- fragment of BFI ONA of 
t„ /7MWA^ici At ai Proc Nat Acad Sci USA 80:1101-1 105. 1983) is used 
^^C^T^S^^ NM540 A orX 

„ m ^ circular 5o75r DNA coupled to multifunctional linker and then .nduced at 42 C for ««"•"«»»• 
f^nnT-he 111 phage replication, because of the attB »te on the mu.tifunct.ona. -nicer the donor 

XyiE or the Aoh3JI gene. The sequence coma.ns a TAA stop codon « the reading frame of lacZ. o.ioweo 
recognized by their property of oxidizing tn the presence 01 jru. — w 

TysaTe ,s s^ieVtod toTSm formate gradient centrifugal. The fraction, of the gradjent cont^ng 
S. hST. Hower density than the .parental pr»ge and therefore <»£%7£»2 
i mtiobi recA bactena at 30 C. There is thus obtained a tainted ONA bank ol donor dna 

2n? -SaU^ea^bZ seated into some mny tractions according to their molecular *.e.ght. 
tS T*S& is determined and a p*t ,s stored in liquid n.trogen after 

^^SLSiSi the digram of fig. 2. onry those tysogenic bacteria which have incorrx,ated the 
,aml£a JSS^JhoZm at the BP site are stiH capable, of grving xyjE or kanfl colony 
.rtZiTacTer^hich the lambda vector is integrated into the PB site the *c promoter operator .s 

'^r^ is continued on* *m the firs, rnemioned lysogenc bactena. 

Z^tiS^ZZ ^bacteria results in mat after 20 minutes three circular ONA molecules have 
been^Sred in^eblcS the NM540A or X ONA: the donor ONA joined to mutational ..nker: and 

r«SSS oTZ. The* rncHecufes ^ S£*^^l 
saccharose gradient centrifugation by virtue of their magnitude: respectively 36500bp. 14000 -wwop 

r*S: "JK SLS^lnl* the donor DNA can be <^«"2" -^J-JJ 5* 

Li individual amoR colonies are tested for the size of the donor ONA by the method of B.mboim and Doly 
£ 2^7^3-15^9^)). ff muTdfunctiona. tinker and hairpin ends were used in the preparafon o. 

only formed by replication of the donor ONA. before its .fltegratwn <«°J»2~™« 

. „ u -guitino Honor ONA as a plasmid with. e.g.. Xbal and Avrii and by Xbai and &ni. » 

£ 5 \ll^JZ^ZVZ^Ls arT formed. The find^o, donor ONA fragm av,ng a 
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^^J^TJ^Sm and drawbacks- the us. of both methods allows en oobmum charactenzawn of me 
^ ^aTc^^^XcZ^ Hn^er and hairpin ends after Mr passage .n the receptor. 

.solaTu^er B are used individuaUy or in commons tor <^ ^ 
oiants so as to orov.de the correlation with. e.g.. reserve orotans of the -heat donor DMA. 



gxamote IV 



' S Transm.ss.on of res.stance to Scizaph.s (Toxoptera, aranjurn from a res-stan. bartey vanety to a sens.tive 
wheat variety. 

and the sediment ,s washed ^™"^™X£^*7. Chromatin and starch grams are then 

^^S^TTiSS fSSSSSrS^ afcono. ,50.82,. The starch and the 
extracted at 2M NaCl Iwtf >a m.xture^ pnen ethanQ| After dissolv ,ng the 

3S organ* phase are -Jgf * J« J ^tie oN^ecipHated aga.n w«h .sopropano. after addition 
?5?Sl7o » -?2 pSe is dissolved m'pure water. A part of the DNA ,s digested 
a ^ i Jw and vet another part with Xholl. These restricts enzymes are .nsens.trve to 
S!^t^S^T*C!!!^ an average length of 5000 bp. A part of the fragments • 

JS ™Z Z TZ^« l^er in a concer-tra^n of app^.majety 10 -g -J* 

^oectiveiy nonc.rcular DNA and linear DNA without harpm ends by treatment w,th exonuctease v. After 

me wall of the ovary. After the injection the chaffs are closed agam. and the treated ears are shielded w.th 
* e " C SThaS seed is harvested and exposed a few times to cow and heat tor a couple of days (4" C 

p^enc To 25 ugm. chloramphencol. for which the re*stance gene is located « J rj^ST 
ZSU J seeds are further grown in a greenhouse or m the ^J^^ W JJ£T£ 
Ourino ripening of the grains on these plants the leaves are occupied with Joxoptera g^ann^ . ine 
M aa ^S daily and the plants wrnch no longer accommodate insects are occupied wrth them 

so population is ooservou w»«y. «~ »"» k tjjiieidered resistant. The seed of the 

again. Plants accommodating lew. .f any. insects after four weeks are conswwec 

resistant plants ,s sown on ear lines, and the plants are carefully observed ^J^^^TTT 

ZSSq from those of the origin* variety . The content of benzy. ateohol • determ.ned as descnbed by 

the same manner as discussed in Example HI. 
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,Vm ■ mutofunrtoMl **w surtax lor mui****. and se**o« .n a m«roorgan,sm 

without a vector. 

Frg. 1C shows circularized donor ONA. 

— — t ends. 



Fin m Q Towa li near don or ONA with hatrpto ir-^ , _ 

The designations used have the following meanings: 
attB . integration site of phage lambda 
ChT; crossing-over hot-spot instigator sequence 
MSG : gene selectable m a microorganism 
SnTT: replication functions required in a microorganism 
5nR : replication functions required in the receptor 
jToj) jac : promoter operator of the §. coli Jac gene 
RS : sequence homologous to a receptor sequence 
RSG : gene selectable m the receptor. 

inthn^regjaismeg^acto^ 



TO 



*5 



30 



TABLE 1 



donor DNA 
cut with 

BamHI 

BglXI 

Bell 

Bell 

XholX 

XhoII 



linker end 



Bglll 
BamHI 
Bglll 
BamHI 
Bglll 
BamHI 



joint can be cut by 

BamHI Bglll Bell XhoII Sau3A 



♦ 



♦ 
♦ 
♦ 



Bactena, phages and 1 



Bacteria 

MC 1061 Casadaban Cohen SN J. MoT Biol. 138, 179-207. 1980 

C600 Appieyard R. Genetics 39. 429, 1954 ^ 

MttOi Tyer, H.W.. Rolland Oussoix 0. J. Mol. ft*. 41. ^72. 196SI 
JM109 Yanlsch-Perron. C. VWra. X. Messing. J. Oene 33. lUMlft 1985 



so 



ss 



Phages 

INM540 Ctortlng V«c*r« P.M. Pauwrts. Elsev*r 1985 

iSSr 8u«^. Jacob- r.. Compt tend. tod. SO Paris 254. 1417. 1962 
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Ptasmtds 

p8R322 
pl/C8 

PUC19 Cloning Vectors P.M. Pduwels. ©sevier 1985 
— Utaogoe Nq » Eiigm id Ot o Ubs 19 0 6 *438*— 
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Ctaftns 

1 . A muttifuncftonai linker suitable tor transforming cells and comprising at least the following elements: 
( A> a DNA sequence homologous to a part of the receptor genome. 

STZ^^Sc-*" ^ » miooor^ or , sequence enabling integer recom- 

''"'^^^olthjnctiorial linker as claimed in claim 1. characterized in that it also comprises a gene whose 

^^££^:«£ZT^. I and *• ch«cf*ed « ~ ■ -30 com**. • 

^rSSSl r?SE. in c*m 3. characterized, m* me sequence wh*h promotes 
recombination comprises DNA in the form of 2 DNA. _ . «««,«ta« 

TTmuWIunc^nal linker as claimed in claim 3. characterized in that the sequence wh*h promotes 
recombination comprises a "crossing-over hot-spot MM 0 f w "^>jf que ~ e - . - ^ 

6. A mutt.runct.onal linker as claimed in claims 1-5. characterized .n that it also composes a gene whose 
expression can be easily demonstrated in the receptor. .. . „,„^„ 

^TmSur^onal Hnker as claimed in claims 1* characterized in that it also composes a hairpin 

Z££E1 S£ « claimed in claim, 1-7. charatferized in that me sequence homologous to 

me receotor oenome comprises at least 100 base pairs. „ 

9 Tmuinctiona. linker as clamed in claims 1-8. characterized in that the operator sequence .s the 

^ TJ milrSnal linker as claimed in claims 1-9. characterized in mat me gene whose expression 
c* be iSZm* in a microorganism is the aph3Jl gene of wnsposon 5. the arn£ gene o. transposon i 
or the xylE gene of Bacillus putida. 

1 1 Aprocess for transforming cells, characterized by successively 

•. ZS^X^^ZZS* fragments compri.ng a, leas, one compete gene 
^^Te^i^Snent, while incorporatng me rnuHfunc**.. -inker as corned in c,a,ms H 
!^^ovidin9 the resulting fragments with multifunctional linker ends, optionally with terminal ha.rp.ri 
Z££Z^ST*£Z>* coup.ed to me rnuKfunrfona, -inker by means o, direct transform, 
toon methods to the receptor, and 

* screening the receptors on the basis of the information transmitted. 

12. A process as claimed in claim 1 1 . characterized by 
. isolating DMA of high molecular weight either from all of the receptors, or from w,e ^ ecep ^ , ftf m 
/SIrading said ONA by means of an endonuclease into fragments having a length m the order or 
maanttude of the genetic information transmitted, tMm ^ 4 ^ 

3ng from mTm^xture of fragments those fragments containing the operator sequence located on the 
muttifuricttonal tinker, by using the binding force of the cwesponding repressor protein, 

• circularizing the isolated fragments. . 

. ^Wprjng the circularized fragment, in • micwrganism or. attecnativety. ™*^**™J"? 
mSr^byrr^awcrtavectw 

of the sequences transmitted to the receptor, and 
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B*B 9 

j (integration in lambda) 
MSO P.P* AIM540 



1 

AB1I540 MSO-PB'-p 0£ lac-Chi -donor DWA-RSG-RS-BP' XMM54Q^ 

+ ■ • C 

X * 
I (integration in genome) I 

(I) ♦ . (»)* - 

(H) gal-BP' -WMSAO-MSG-BI" -P oa laA-^-donorDHA-R£frR£-BB' -£io 
J (III) |(H) | <*> 

(D gai-jp'-p bp lac-Chi-5onoiWKBlkaS-BV ^ 

i(i)V I (in I ("I) 

I ■ (excision from the genome) f 

(I) and (II) (II) and (III) »*» 



doaorSHA 




AHM540 




51HM540 








< 


) P»B PBH> 










^ MFL 


MTL B.B' 




MSO-P.P* 




donorDHA 
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